In this work, we study the problem of relay beamforming for an underlay cognitive radio relay network using amplify-and-forward (AF) relaying technique. We consider a cognitive radio network consisting of single primary and multiple secondary transmitters/receivers. In addition, there are several relay nodes that help both primary and secondary networks. We propose a new beamforming method for relays' transmission, in which the beamforming weights at the relays are the solution of an optimization problem. The objective of the optimization problem is maximizing the worst case signal to interference plus noise ratio (SINR) at the secondary receivers (SU-RX) and the constraints are the interference power on the primary receiver (PU-RX) and the total transmitted power of the relay nodes. We show that the beamforming problem can be reformulated as a second order cone programming (SOCP) problem and solved by the bisection search method. Our simulation results show the performance improvement as a function of the size and the power of the relay network.
Introduction
By introducing the secondary users (SU), which coexist in the same frequency band with some primary users (PU), cognitive radio (CR) technology can improve spectral efficiency [1] . Depending on how the frequency band of the PUs are utilized by the SUs, three operating modes for CR networks (CRN) exists; overlay, underlay and interweave [1] .
The promise of improving spectral efficiency comes with several challenges. Among all, providing enough signal to interference plus noise ratio (SINR) to SU-RX and limiting the SU interference on the PU-RX have attracted major attention [2] [3] [4] . Beamforming techniques, implemented on the transmitter antennas, are among the most studied solutions for the aforementioned challenges [5] [6] [7] .
Due to the size and power limitations on SU-TX, beamforming can be done by a relay network [7] . Relay assisted cognitive radio networks have been studied in the literature.
Authors in [8] , considered a single-primary single-secondary CR, and studied the beamforming problem with the objective of maximizing SU-RX SINR. They employed a genetic algorithm to solve the optimization problem. Using SUs as the relay nodes for PUs is proposed in [9] . They proposed a distributed spectrum access algorithm, constrained with the minimum sum rate of the network.
In this paper, we consider a scenario where M secondary source-destination pairs use the same frequency band of a primary transmitter-receiver pair, in an underlay mode. In addition, there are some relay nodes that help both primary and secondary networks. We propose a cooperative beamforming method which is performed by the relay network.
The objective of the beamforming is to maximize the worst case SINR in the secondary receivers, while the interference on the PUs stays less than a limit and the total power of the relay network is fixed. Designing the beamforming weights leads to an optimization problem, which we reformulate it as a SOCP problem. Since the problem is convex, we employed bi-section search method to find the optimal value [10] . Our simulation results show that for a given transmitted power of the relay network, the system performance is improved as the number of relays increases. Moreover, the effect of the number of the SUs and interference threshold on the PU-RX is also studied in our simulations.
The rest of this paper is organized as follows. In Section 2 we introduce the system model and formulate the problem. We present the beamforming design through optimization problem in Section 3. In Section 4 we present simulation 
System Model and Problem Formulation
As shown in Fig. 1 , we consider a cognitive radio relay network in which M secondary transmitters communicate with N secondary receivers in the same frequency band with a pair of primary transmitter-receiver. A relay networks, with R nodes also co-exist with the CRN. A communication between the primary network and the secondary network takes place in two phases. In the first phase, the transmitters in CRN send communicate their signals to the relay nodes. The recieved signal at the relay nodes can be written as,
2 , . . . , x is zero mean Additive White Gaussian Noise (AWGN) with variance σ 2 n . We assume that there is no direct link between transmitters and receivers and, therefore, the receivers do not receive any signal during the first time slot.
Using AF technique , the relay nodes multiply the received signals by some beamforming weights and communicate them to the receivers in the second phase. Accordingly, the transmitted signal from the rth relay could be written as,
in which ωr is the beamforming weight in the rth relay. The received signal at the jth SU-RX, in the second phase, is
in which,
whereĥjr indicates the channel coefficient between the rth relay and the jth SU-RX and nj is zero mean AWGN with variance σ 2 j . Substituting (1) and (2) 
whereω
and
For any fixed value of ρ the SOCP problem could be written as findω s.tω
This problem is a SOCP feasibility problem and its feasibility depends on the optimal solution of (4). Therefore, considering ρ0 is the optimal solution of (4), the SOCP feasibility problem has a solution only if ρ < ρ0. In order to find this optimal solution a bi-section search method could be used [10] .
Simulation Results
In our simulations, the transmitted power of both PU-TX and the SU-TX are assumed to be 5 dB. In Fig. 2 , assuming R = 10 and M = N = 3, the worst case SINR variations versus total relay transmitted power is showed for 3 different values of interference limit on PU-RX. As it is shown, the received SINR at the SU-RX improves as the total relay transmitted power increases. On the other hand, by increasing the interference limit on PU-RX from −5 dB to 0 dB, performance improvement of the system is slightly less than the improvement when it increases form −10 dB to −5 dB.
However, by increasing the number of secondary pairs, interference power on each SU-RX is also increased. Thus, the worst case SINR decreases if the number of secondary pairs increase, as it is also shown in Fig. 3 , when R = 10 and Ip = 10 dB. Finally, when M = N = 3 and Ip = 0 dB, Fig. 4 illustrates that the system performance improves by the number of relay nodes. However, this improvement is diminishes as the number of relays increases. The diminishing return of the relay nodes is also in line with intuition, since as they increase the interference power on SU-RXs also increase, which is a reduces the performance improvement. Fig. 4 The SU-RXs worst case SINR versus total relays transmitted power, for different number of relays.
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